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Title: 

METHOD AND APPARATUS FOR PROCESSING THIN FILM 



Abstract: 

PROBLEM TO BE SOLVED: To form a thin silicon film having a low trap level density, 
through irradiation of light. SOLUTION: In the method for processing a thin film by 

irradiating it with a light beam, a single irradiation unit of light beam comprises 
irradiation of the thin film with a first light pulse and irradiation of the thin film with a 
second light pulse being started with a time lag behind irradiation of the thin film with the 
first light pulse, and the thin film is processed by repeating the single irradiation unit. The 
first and second light pulses satisfy a relation: (pulse width of the first light pulse) 
>(pulse width of the second light pulse). Preferably the first and second light pulses 
also satisfy the relation: (irradiated intensity of the first light pulse)>=(irradiated 

intensity of the second light pulse). 
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X?o P t2L *§/J^H3t^gopt23\ U— WMJSW 

fca«subo(i. ««i»st«flift*h-^Ho. mmwex 

tt#x, K*. mM^comS^A>X^rhixhZt 
ttB#(c. 0 0°CS)g£0»»«fr5:jM^Cfc 

i 1 1 J: o r , as** •/ ? mmiz x h wRm*ifc 

ft^ft'MifcWx Sit h . 
[00 283 U- iFHWHl. i2ti. aim^w-i . i) 



It«T"#&. 03T'tt^7T^^xaS-^L^ Th 
rough The Lens^JiWh rough The Mask (Reticle)^ 

t>w&mm&. &>b2mmm^xw£t2>ztizx 

[00 29] 04(A)~(CHc-7X?^:y-->'i:77^ 
(KftSB) ws&lkfr hm&tl 

yyfiffi&m^xrv>-yt:Bf8.-tz>. -?x?±mw. 

(0A7-y (H4(A)ttJ^"rafefflt^S<l«.) KJ£ 
CT, ^'J3yiWI63KS/iH4(B>c*Sfi&J:'3fc: . 
^BJCSi (Sil) rttSJtSigB (Si2) C 
<9fc£. £^CJEtT-7X7±-7-^markl*>'S«±V 
-7nark2^-gcri) <t ^ iZTy A X V hlHSf^S^-r 

77~J*yhv-?tf^)hmf8,2ilX\^Wr£) . v 
^rCJ63tt&ii:CJ:-3'C. a-Si fcftftSifctfWfcspWfe 

■ox z<r)-?—7 zmmzmxmizMiz, ? * v u y ^7 

L, x y 3 yJi<0Bf a«o««*«x y f - y titcVi 
ffi2r04(C){c^-T. Sii^gp (Si3) JiSWSitfc^U 

*»3KSi (Sil) tS^Si (Si2) itSilWkil (Si4, 
Si5) dqBaS^ifcJBtt^Sn-CV^. ^OiotSS 

^/y-x -kw y«««f«is<?)r 9 ^ y h t 
v- 7 £%mi-iz t tux- % h . 

[ 0 0 3 0 ] 05 (l) (2)t±S»#<o^'f 5 yy&v- 

v*m« mm\\x'\mw.xT- : Jcommzi. mm 
v>mit&mzmwLt:&®z-<itz>. fceflus^fc^r? 

#.0iJ^.tfO. l//m~l OOjumSflltVwfc, Bta 
OlS£l^f9)I{c«iv ^ J: d tciSS-ri. . * co»#*^ 
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ztim2 mmmm±.x'm%<7)-m<v®mi:ft o . mm 
m 2 x'\mwLXT- : Jmmz± mm.<r>mm.mm 

i um-^i o o Mmnmt^^tz. F^aois^mn»jK 
•?xy x^-^m^mi-i. temmmmxT-v 

y x-f- VWfenm&i. 0 1 h t frt>Wl%3Zixl 

{mfrmtitzwmzmftztizKfr. zmm?* 

mco&x®%<n : £jEfttfm'>tzm&x\ i^rvrm 
mmmwxBSMZfio zti>*s&x'b$>. mzx.* 
is-?u-*r*ftmizm\ mmw\k»±mmb^m r ) 

Xi)mzT-%%&c\bi)mhtiXii Y ) . Ztit>(0^%%. 
%\s-*f/Vl'X$:%mitz<%^Ws&lzte. 1X7 Xt 

-wmmz&hitx t-A r-mthim* thzt 

[003 1] mmSmVa-smmzMlXlm x 50fxm 
W-^tm&fi^ZQ . 5^mt'7^-C"^St!t„ - 
O^SSrffl^Tl^-¥HS»t?SJg{i;3^ffit'470mJ/cm2 
i: Uc t i h . ^a*lflHca8-f S JPISfts/ U 3 y» R 
j&WfciXfc. Stfc. S2*Ji$-B3StfflT'150mJ/cDi2t 
&4 J: 100nsecSB3#T£WtLfc*fl i 'eU: 1 • 
0 u m«^Stt° •/ ^fefrTt ^S*|6H=itfiW6#ISft 
yjfRtffo fefifc . iiaS&fliS' U ^ y H+<7> h 

[ 0 0 3 2 ] H613. *%BJ5^ifi^®^^^fr 

iMM§§B«tiJffiiiT*4. r5XvcvD^c2. i^ 

XGV2, GV5S:^L-C««<^»i&WBil^»o»!KRt:«i 
*iS£fc$r<K£+. ^RStttfx. S*. **. 
tf)£ffl5iW>o£3l£. ME, Jn£E«JB"Ciirfirc*6. V 
-ifHStSJC*JV^Ttt4 0 QX!^*XWgW&&3k 

4. 7*9XVCVDST{4, 4 0 0XlUJ%.&Xl)n?mi&0: 

mm*>i>y-s2±izmmms.ztiz> . 

xS«SubO±{:yi>:jy»J$ (Si l) jWBftSh&ttJB 
TU- 9 , !88tgfc:*A§*u Slffl^'J 
iWCiOMSSxya/'II (Si 2) KftlfSft. 

77Xvmm!,zMmztit:vmz*ix^&. 
[oo33] u—msmizmKitii v-vmt. x 



3fi<"?^~ fl (EL 1) . X^VU— f 2 (EL 2) 

t-i>54yL 2£3I9. l/-if^*^So P t u s. 
y -opt 11. jg3aS7-o P tl2. U-ifBgSt3t^lSopt 
2. *^^^--fifopt 20. ft^VX^Xf- i^opt 22K 
S^Sfi/cft^X^opt 21. fSS^^Sopt 23. U 
~*mxW 1 5r LT«R*iBfc:S«t & . £ Z X'ii 
2&<7)**>>-?U~->? ! Zm*Uztf. tmt LXit 1 & 

[0034] -#7" 7 XvcmmiNFWBD \b?yX~? 

mtL&mmtiMtLtz&mzBti&tLi. ?yx-?m 
mmz\m t imm t ^ u a * , m^^x^A^a 

[0035] muz^m^mmmm^t^mim 

}V7Gn-G%i:ftixi&mziix^z>. micoh'-^y 
tf ^sbmsiiopti . \s— f Bsit3t^^Bo P t2. 

*fieh.<07*n-feXg. ffiiM(i^X^A^Sgasl-ga 
s7. *Masaventl~vent7*%ttS*ir*J*). BrHW^ 

4. WHZjSM.X'Tjk'fX 0 lZ$m&1$.sub2, sub6**¥ffi± 

ties§^4, 

[0036] 08(i*^c7)*#^^fi£gBS:»li 

h 5 y s jx tcowmxmizm Ltzm^coxmy^-m 
x-hh. 

[0037] bmmzi. -?xmm»&m. aa^ 

J^mrafrHBWMW*. S«^A-Rt LTLPCVD 
(«E^«S«BJS*) ffiTv5ytBl«^xSrJI«fc 
U . 4 5 0 iCTHftv' U 3 y)i$r 1 u mj&0(.tb * LPCV 

tfts*A-t4:H«r8rc*4 (0^-f) . *4 

U±Th5xh*i/^7y (TEOS) tSggSrMSt 
77X7CVD, TEOSfc^/y^JSeHttfcJffECV 
D. m8lZ^£?%TyX~?CVD*t*mm-fZ>Zt 

i>~*imx'$> o . »s*f» ( ta-* u^ffttK^s^ffitt 
itztfyx. mmimmMLUz^m ■ tfyxm) 

tf^f*cr^^f XlcWS^^tJ^raM^'T-^ 4W 

t r ««rc* 4 . u a ywm* l 

PCVDT'v'V^y^XSril^i; LT 5 0 OTTCffS 7 



Patent provided by Sughrue Mion, PLLC - http://www.sughru&com 



!( 9) 001-326190 (P2001-326190A) 



aH=J:4B8Ste£*BK£fca*T&*. **W4H7fc 

? y»*jt , #*/ 4 7 y it v 5 y 

[0038] (b)±iE(a)IgT'$ffiUw£8i£s WTO 

esrttfca, *%Bj««)im^a^A-ri.. y— f 

#L0*5B»U yyny$ig|£&M:yyay?I)iT2' 

1/— f^^fWi9 9.999 9%kLhOft 
tt*S*7 0 0 t o r rJ3Lhtf>«ffl»'Cff*)*l*. 
[0039] (c)±iaig&gfcS*tt, tiXWWftfi 

1 0 nmtfc«-f 6. £<0&i: { &B£iECC#*75 

m%$L%imz&^xmmzti&. 
[0040] (d)<xt, 7^-hyy/57-rtxyf-y 

mt y y 3 y ffit^x > y f - y ^ y - f i ^x y y 7 % 
yKrHrtWatt (S>&UiT-^tt) 

i -or , y- h y *i»¥flHM&oftv>Mi \- 9 yy 

[ 0 0 4 1 ] (e)JJtfc, ltfll:li 
±!E7>f 5 y F£«g-f& 

CVDST'^7ytR*^7.^JS^t 45 Otttt 
yynyS££ 30 nm»jtLfc. iJ^lifhWW 
yy^y (teos) fc&*£Kflfc LmxvcvD, 

TEOSt^Vy^H^i: LfcfflEECVD, 08tSrT J: 3 

y-hSfiii:LTn+xyayJg&80nm, ^y/Xfyy 
'JIM HR*ll0nrtBrit1-&. n+y 'J 3yflHi7*5XvC 

vmpcvDffitrojSSftfciMM&o y y F-ry y 3 y 

JR*<a*UV, -ecofl:. 7* F»J fcx-y^-y 
T'IgfcgT, T5A'^-yft$n^y- F«ffi£mt 

[0 04 2] (fl.f2)iWc, y-h*7^tLtW 

«a^t6. wmm-h. cMosaig»*»a 

7&*§-£ii. 7 * F 'J y ^9 7 a Srflfffl LTnHH*^ 
g&n-channel TFT&tfp+^BtS&g-t&p-channel TFT £ 

^VW^yF-h"y^ 'f^-yaA, 7*9X-?F-e 

y/, y-ifF-ey^go;(fi£*as4 

*<Dk #ffl3i^«^AJrffil=ct (fl) (f2)<0J: a 



izmvtisntwzymmirztt. kzwm&i 

[0043] (gl) (0)fl|gttffltttgjgT7. T7' 
3y??F*-/l/£ISPf£, ilJtIS, 7*hVV? 
97 a bJLv+yrtzX 9&«BiRT8£#j£-f 4. JII9 

^yy^^ML ^mmfimm^&zttfxzh. 

ay?? h*-/M&Pti7* F'J V?77<t bx«/j-y 
USZtihZ^-xt Lt&&. ^y^7.f-y^'j7" 

[0044] 09fcFftf>T54.Xy>V--?£iWt v T 
54 * y F izm ttz y— if BBSf Srtr-? tz^com 

mm. mioiti—fymtftmzTj'fxyh'?—? 
mm&^&nmsmiz^x. TFTiitis7n 

- £ t> t KKifltS . **W 8 i: fflitt LT 
[ 0 0 4 5 ] H 9 (a) 8fc»fc J: o TWWft^il. ft 

y^tcJ; VW-yitLTU x y h^-?T9^««± 
CIBWi. <^tT7>f^yb-7-^S:«a-r«)^t 

v-?8aiimo£#jsu yy^yjsn^^ti.. 

[0046] 09(b) y— f7t®^t{4T54^y 

WigttWcT^-f^yFv-^ JSM^'J^y 
»)gy^-- y^tcj; ^xmtiLHtlhTU A V FV- 

[0047] 010(b) yyny^E^co^tlsl^ 

[0048] 01 0(d) ^f H ftT5^^yh-7-^T9' 
^ijffltt. 7t F'J V/77^(01^M?:m\ 

x -y +y?xmzm y y 3 y»« t ®ft y y a yiss 

[0049] jy±, XeCl, KrF, XeF, ArF^WX^f y7 

y— f^Ttiifc ixmncmmw^titf. x^y^y 
— r jawc *> yagu— t^k^t. y — if . y 

K0»l£. *J«k^<o»iragIfc:i£;iB^irc**. 
[0050] 

[&HH<02!l*J *JKBtJ:Wf. F7-y7°*fi^«cO/h 
$v^y y a ymmmmizii -? TMt S 

[0051] 1 ) mtte 1 &n*maw*t>imztvtz 
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t-A *m i Rtsm 2 t'-Mzft® i . m i atra 2 1* 
«*ai*it^fe*s**ifct-Atii 1 svn2 tr-A 

[0052] 2 ) *fKBtt. ^SMbT^/l^ rXy U 3 
y»«(a-Si:HXOSWlW ! ariSC«*i6*l!«L. 
D (low pressure chemical vapor deposition) ffilCi 

tmzfi 5 1 1 %< mast i z t mm&oiz.. 

im2] ^m^mmcommmm itm-r* 

i 0 3 ] *mmmmcmmc?mB (7y4*yvn 
m) mmhtztbcDmx'bi. 

wm-&fc*><nmx'hh. 

[05] wm<r)m.<rmm<mm mm) ast 

[06] #3fflH<Oigr T^XvCVDS^ffll 



859^0^1). 

[07] *&BJfc)iigHs 7*5XVCVDS*« 

^a<^ s FB0T'*>s. 

[08] *f6W»TFTRJtrn-b^*aq!-tSfcrt<o 
[09] *Sffl«75'M>'b'?-?£ffl^fcTFTI! 
[010] *fPJ!OT5>My r-V-?JE»i££trTF 

[0ii] RgstM*i:^aja«. ^ B m#£t:*>#£P 

j$JKS:^t^0"C'»l). 

[012] ^U3yaRiag0IMt^tfJWSIIM**Lfc 
0T#>&. 

[013] *aaSi»KK*H-ft v U a VfflRat&JHBIt 
[014] S2^y^ftAa«0«*?&aiaa[i:«H^S£ 

[015] fi!3(w)xdp^-n/— !fr--;^Bc7)«t-t;0 

[016] taw>i/— miki3mzMWt&tz#><?>?4 

[017] U-^)VxmM.WVVxmt^<rMZ : KL 

tzmxhh . 

[018] ^'j3yKiaflSWt<oW**Lfc0T*>6. 
[019] U--^W*SaB«9— M£SLfc0T&4. 

ELI i^fi/7l/-f WVX%M) 
EL2 Xdfi/V^—f (^kXftjSI) 



[01 1 3 



[0143 



3x1 0 14, 

f 

^2x10 1Q J 
2 

O] 

c 

"I 1x10 1<U 

o 



□ a-SI 
O poly-Si 
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400 



500 



600 



Energy density (mJ/cm ) 



10" 



2 10 1 ' 



10 9 



2nd put bo energy (ISOmJ/wn 3 ) 



0 100 200 300 

Delay time for 2nd pube (rwec) 



#2 /l*z^ft©£*fc^**«ffl^»©J&»^ 



[019] 
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mi] ime) 




mi 2] 



[H183 




o o.i 

(x|0~ 6 ?ec> 

S>i/=>>IBJ?7 6 nm, «<Sl£Sf02. XeCI U — V ( SSWt 5 0 8 nm ) 
m*t&3t 4 6 0 rtiJ/cm 2 «ob» « f U a >*JS©a*^rft 




ttW(naeo) 

SI Bt££g<k00i 
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[02] 




EL2 



opt23- 





ELI UlcDx^jwp^-if 
EL2 ^20x^^7 1/- tf 
optfC 4 if 

■opt21 

optS, opt3 f ^v— JS 
opt4 ^VXJI 



wo 

CO 
subO 
SO 
exO 

Gay 

9xz 

6yz 

X 

Y 

Z 
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13] 




opt21 

op t2s* H/hsfl$ff%ttB 



wo 

CO 
subO 
HO 
SO* 

il, j2 

W-i 

opt-i 

mO 
Lm 



Wsi XYZGxy9xz0yz * t- - 'J 



opt-m aWSiffljR'F 
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mask 1. 




ELA /\9 - V 1 7 7 < * y h v - * 
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[05] 




7.5— VW}ft9-< 5 + - h 



[013] 




* 2 *31 /oaf 4 7 0al/eiif 
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[07] 



VentS 



o pt2 ^.QPtl 



vent2 




- -v% 



Vent7 



ventl 



CI D-K/7VD-K1 
C2 T^X^CVDg 
C3 ««A3ft£ 

C4 **^7X7»ia 

C5 l/-VH*t3 
C7 £ftS8&S 

gvi-gv6 y-^A f ;^7 
Li. ^lootr-z^y 

L2 S820tr-*7<f V 
optl U-V&AXfr&tt 
opt2 u— tfHW»**ttR 

ventl-vent'/ gfM&B 



sub2, sub6 
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[08] 



Tl 



T2 



subO 



^st 7 vjx' 'sl^ 



3, 



(a) 
T2' 




I I (d) 



T5 




(e) 



subO 

LO U— !f ft 
Tl 

T2 -> 'J zi 

T3 SB l®-y-h 

T6.T6' ^fHftttA^S 

T7,Tr ifromm^E 

T8 ^JIES* 
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[09] 



T9 T10 Tl 



T2 




subO 




(d) 



subO JSJTsl&fc 

LO U-lf* 

Tl 

T2 S/U^ySK 

T3 ^l^y-h^K 

T4 £2K)y-h&&K 

T5 a? -xtznti?- b 

T6 f T6' 3F*eftftAiB« 

T7.TT Sffl^ffil&ttB 
T8 

T9 79<( *yh-*—# 

TIO V — * 
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[010] 



Tl T2 



9ub0 



^7 ^7 J 



(a) 
T2' 



TO 




(b) 



T3 



(c) 



(d) 



(c) 



subO # ;* 

LO U— <f3fe 

Tl. &fi*/i-K 

T2 -> U ^ >SK 

T2' fe*{k^y3>»R 

T3 *l©y-HftlBK 

T4 »2©y-hJ£jtK 

tv, T7 fswftftimm 

T8 &)KE8l 

T9' &&<t7?<(jt 



(f2) 




T7 

TFT fE$&7 u— (Si+CT-^) 
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[016] 




1101 
no? 

1103 
1104 
1105 
1106 
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«9- 

m 



OPT 

ttXQtet&m (2) 
v-<r®m& as 
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OFF H 

ffih 

OFF 




[117] 
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